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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high 
performance GaN series of light- emitting compound 
semiconductor device which has very few crystal 
defects and distortions, and facilitates the manufacturing 
method and has a good yield. 

SOLUTION: A cylindrical structure 12 with (10-10) m 
surface on principal surface of a substrate 11 as the 
side is formed perpendicular to the principal surface of 
the substrate 11, GaN series of nitride semiconductor 
laminations (InAlGaN series of a nitride compound 
semiconductor structure) 13. 14, 15 and 16 with at least 
one p-n junction are provided on a partial or overall side 
of the cylindrical structure 12, and electrodes 18 and 17 
corresponding to p-type respectively for injecting 
current into the lamination structure 13, 14, 15 and 16 
are formed. By injecting current into these electrode 18 
and 17, light-emitting regions of the InAlGaN series of 
nitride compound semiconductor structures 13, 14, 15, 
16 emits light, and the light is emitted in directions Rl 
and R2 which are perpendicular to the principal surface of the substrate 1 1. 
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m^m 1 ] G a N ?kmitmm#<Dmmmm 
54^i8jt«?ic*5v^T. mMm±ic. (10-1 

0)mBJ&ffl!Jffifr«Afttt««ig(D^gI5^5lHi-g|5 
CD p - n g^%#ty G a N^g{b%^«<*i«S«Jg*^« 

T. BiJIESW. (0 0 0 l)Cffi%±3nfc-r51J-77'r 
C8S*« 3 ] turn 1 E«0^ii«^^Bt*?{ctJV^ 

mimmii. (ooo DcE^^st-rsGaNis 
cw«« 4 ] 1 nmmm 3 <ov^-fnA^-«K 

fc> m 1 (D»«M**-r^ G a Nmmitmmm±ic 
mmmm^fEn. mmim<D-mai. m i m 

fiSc^ti. c<Dii^mLxmi (Drnmm^ g a n issf bti 

m^. mmmmnmiimi(mmmv$>K). mm 

COOOl] 

CfiP^OS-rSSffi^^] *l?Bj3a. D V Dffl. CD 
[0002] 

Uimot^m tie*. «fe<oL e Dtiis^^iSifeoL e 
D ic]t^xmm'ht < mmiticm^m o rcHK a 
I n A 1 g a Nmt^mmw^mi'\ i^-^^y h 

[0 0 0 3] ^ 1 4 it^Wi rjapanese Journal of Appl 



led Physics vol. 34(1995) p. L1332~L1335J tC^^tl 
TV>;5 I n A 1 G a N5S{k^¥^W|t«:fflV>fc^^^' 

F( L E D)O»fffi0T'fe5o 
[0 0 0 4] 01 4CDLED{±, •9-77l'7(A I zOa 
miSa)*-' 5)^-5 1 0 0-3 0 0 /i mOStS 1 0 1 ±IC 
nia(DGaN:&H*^P):&;5fgfi>'^y7rJil 0 2fc. n 
S<DGaNMl0 3t. / > K-70 I nyG a ci-.y)N 
(0<y<l)*if*^6*Sg14®l 04i:, p^Alx 
Gaa-x)N (0< x < l):5:HA^^^SAU7il 1 0 5 
10 pSGaN^ci:>6>*i,+^<y7'«l 0 6t*\ W 
il^fk^^fi8«}s6(WT> M0CVDjifcl,>3)fcJ: 

[0 0 0 5] ^Lx. cnrnm-^ntc^m^ifmn-mt'' 

X';/f-yi7'tcd;»3^£^nTgaib/cn^GaNJil 0 
3±t. n««fiil 0 8*^Jgfig^n> tfc. :^r^<yyjB 
10 6±t. pmWMX QltmiSLii^. CtltCjcoT 

L E wmf&-&nx\.^^c 

[0 0 0 6] *^c, g|l 5tt. ^tfi^ rjapanese Journal 
of Applied Physics vol. 35(1996) p.L74~L76j (C^ 

[0 0 0 7] HI 5(DLD«. |§I 1 4<DLEDtPfi| 
tc. ■»^77'f'7(A 1 203mB^e)*^5.^§ 1 0 0-30 
0/imOS«l 2 2±{C, n§i(DGaN^if*^P.^§ffi 
SA-y77ai 2 1 fc. nS©GaN*^P)4S)i5S/^y 
77«120i:. nSl nyGaci-y)NMl 1 Qt, n 
SOA IxGaci-xjN (0<x<l)Sl 1 8t. nS 
GaN»l 1 Tt. y>'K-7t01 nGaN MQW* 
Jf*^e)%i.gttMl 1 6t, pi/A IzGaci-z^N (0 
30 <z<l)Sll5i:, pS^G a NH 1 1 4 il. pSA 
luGaa-u)N (0<u<l)Jll 1 3i:, pSG a N 
Jl*^>e.*?.+^'y7^1 1 Zti3\ MOCVDiSfc 

ii'ommm-ttixx.^^o 

[ooo8]^uT. c (Dimtntc^mwm^ u >y 

ligsSffil 2 4*^ffM^tl. ^e>tc. x-yg^>'^-{cj:»3 
Saj UfcSS'' 7 7M 1 2 0 ±(C n ffliJWi 1 ZZtm 
fig^n, *^>y7Jll 1 2±KptJ«(Sl 1 lA^ 

■10 [0 0 0 9] S/c. El 1tr»W0 7-2 0 2 3 2 

5 ^\z.^^-inx^^^mwiv-^^^^- Ynrnmmx 

[0 0 1 0] Ell 6(Dmmil'—^i$r^t-h^l,i. •9-7 
7-l'7»ffil 3 1±IC, itg?$fc«>"!>y77»l 3 2«r 

■fr^Et^x. ^y^i^T-ammicB^tsnkmitiJv 7 

AISfl:-&tl^f*((A lxGaci-x))yI ni-yN(0^x 
<1. 0^y< l))A>e,^sagStl/c^agl 3 3. 
1 3 4. 1 3 5, 1 36t, ^MOfi±Sl 3 61C5 
WMT-Jg^^nZ-cH 1 13 8,!;. -^yr^fTWR 
50 tJgfiit^nftJXl 3 1 AU:t3V^T^M<0SHiL/c:«T 
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(D^mmi3 3. 1 3 4. 1 3 5, I 3 6 tX^^^:^ 

Wm 1 3 8, 1 39 i:Sit^73fn)ti: U-if 

[0 0 1 1] x^DMi^mc. mi 6(DSf8>tu— *f^>r 

;i— KT'ti. V-yr^rm^i 3 icDCi i-2 0)ffi 
(affi)±tc. A 1 N/^y77'Ml 3 2, nSGaN^l 
33, n§yAlGaN1134. GaNSttMlSS, 
pS^AlGaNSl3 6. S i O2S 1 3 7 A^SMSn 
T*5t)> S i 02@ 1 3 7±tc 1 mm0CD^*?Jtte> 
n> BtHL/cp§/A I G aNiil 3 egWCA I 1 

3 8:6'?jfM^n. *fc. v-yr^rmmi 3 i(DM?b^ 

n. nSGaNMl 3 3;t)^Sm*n. nSGaNgl3 
3«ffilCA imm 3 9:^W^^nTl^;2)o 
[0 0 12] ^1 7ti. 1$g3¥0 8-3 0 7 00 

coo 1 3] 01 7(0ffi|g?tU-Hf^^:i--Ka. im 
1 4 1 IcaiS^n^cm 1 l on 

y^^vmi A2t. m\ mmM^mm-^^^ji^m i (d 

^'^■y K« 1 4 3 SM 1 4 4 ^2««^it^» 

ft*>e)*5ii2(0i'5-y K»i 4 5 a, mzm^^ 

T«B)t*n. ^ 1 0^5- >y Kii 1 4 3 1 4 1 <0i 

ffiffliJi;:®tB?n§J;9tc. |g i (Day^^ hH i 4 6{c 

fLl 5 2AWe,n. CCOfLl 5 2rttCt5I.^T. ^1<D 
i'^ >y H« 1 4 3 (D^®±{C^ 1 (Dmm 1 4 9 A'iJfM 
il©mi®Stmi 4 9i:5\t|6jLT. HZ 
<D:2y^^ hmi 4 6 ±lzm 2 cDSWa 1 4 7 A^ffM^ 

SJ:afc»«l 4 l«^)±B±fc:niJ:i— 5<yi^««gl 5 

oA^Msn. $fc. jfeiiuii 4 8, mznmim a 

[0 0 14] .Jr'jm^e^lC^ HI TtOSfi^lx-f'^f-i' 
^-FT'«. ■9-77-l'7»«l 4 1 rtfO-g|5tC(5(?[Bl- 

I4 2±tc:, nSA I GaN^7>yKJll 4 3. Gal 

njgttSl4 4, p^A 1 G aN^'^-y K^l 4 5, p 
SGaNny^J'^'hSl 4 6. A 1 NtA 1 G a Nt© 

««ffiii*^^^spS¥si«:siMi ^immtmm 

[00 15] CCX\ Ga I nNgftSl 4 4«. nS/ 
A 1 GaNi'^y Fiil 4 3, pSA 1 G a Ni'^-y K 
Al 4 5(i:J:-DT»5$nTi3l?, <:nKa:oT, A 1 G 



a N/G a I n N(D^-/;l/^rn<SJtA^J^^$nTV^ 

CO 0 1 6] tfc. *feiiUi 1 4 8(i. ^yy^TW^ l 
4 1±(C, nSA 1 G aNi'^-y H»l 4 3*^P.pM¥ 
4 7S-p©xtf^:^^'>^;l/»©ffl!l®^f**< 

coo 1 7] *fel»l 4 8©±ffi^mc«, pS 
¥»»SI#ll 4 7^:0LTpSGaN3>^^h«l 

mm\5\ A^Jl^fiSc^nTV^o ^/c, nSA 1 G a 
^•y 1 4 3^T-?L(PPffll) 1 5 2*^WPSnTV^ 

So S/c. r?3PSPl 5 2F«g<DnSA 1 GaN^7^.y Kg 
1 4 3C0ffi^f*{C«, Z r Ot S i OziKDmmmMZ 

^i'h-rsj;^fc+j-77f TSfii 4 loffiiimca. 
nm^-5.y 1 5 oA^j^fig^nrv^s, 

coo 1 8] <l(Dffi5iBt^-^f'^-l':^--KT*{i. p^^i" 
20 -5-yi7^Si5i, n^3}--5-y^m<il 5 OF^tc* 
Jl^ffliPU nSGaN3i^^i7hMi 4 2i:pg^Ga 

V^ffl5rSx.St, S*t^l 4 7. 1 4 QlCifJJtfi^n 
fc^'^ly—^ytt LTF^gngP 1 5 2 J^O^iiiR(Dys\^lC 

coo 1 9] 

CIP^*^»i*LJ:?i:-r§»S] ±aj<DJ:9tc> t**, 
G a NI^Oi|ia«it:^B^?fi. 

fete. ±(c-9-7 7-Y7»«±ffi(c¥mc«»$4afe«» 

CO 0 2 0] U*^L*A<P>. G a N?Sfl:^¥«i*i:-9- 

'('7»ig±tcaii?nfcG a N^^k^iji^f^ajniaa 

Xl^^o ttc. GaN?^fk^it4Jift:«jl«l OOOt 

CO 0 2 1] C<Di:orj:mM,!KUk'Pm^^Jim. 

C0 0 2 2] $fc> ^ffif8)ti!ii^^H*|?^^?, m^ii 

i: G a mit-^^mm»mmtx\ ^(d-s^o^j 

IPIA'S** fcto. G a A s l^fb^l«m»{*0 J: o it^t 
50 lia{Cj:oTU-1f-57-SSIffl*Jgfig-r-5Ci:3!}<ffl|gT- 
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[0 0 2 3] LA^U^A^e.. Ganmt^^WT: 
tt. G a A s fkit^^mW<D F5^x-y ^yi^iCtt 

^sv^^cWT^ ¥m^j:^mmm§^ F^-rx-y^y^^ 
[0 0 2 4] t^ic. mi 5<Diorj:^mmsi^mw 

-f yi'*-r?.«^. ■>x/^A^e,<g/^co^•y:/^5^ilt. ^ 

a^^^tcib. #HA<A^A^D, ^©^^3XFA%^A^oTV^ 
[0 0 2 5] S/c:, 01 4CO<i:^*ffi^S^|i3i#:^ 

m-a^st^^orj:mmzHi. mm^^m&<s le 

D A^ P.SiitB^ nfc)tO;#cgi5^A^MS:li: ^ o Tl^^o 
[0 0 2 6] t/c. ^16. 01 70.J:^*«ig<Dffi^ 

TtS^U— »f{i. SSA^-y-^T^TT-feSODT'. »««A^ 
e>iS^««it^aA-r^CtA^T'tf'. fifoT. SV^-»^7 

T^rmi^mmL. A>o;x«:fett^itntfse.ftA>o 

fco LA^bi^A^e.. +f77"l'7^Di[!DIA^~^^^^cSi^T'fe 
b^^W^^^U. ^eS0A"«S<&«i:t/^3RgSA^^ 
[0 0 2 7] t-mt. ±KEcD^5^t«5l?<DG a N^ft: 

[0 0 2 8] J:t3Ri*W(<:, *f8B^a> tJf3l5<Di}^)teS 
L E D J; 0 ta*fft < -r ^ C J: cD5Ift|^it£»#5|^t 

[0 0 2 9] f/c:. •9-77-r7Sffi^i:€)*S 
[0 0 3 0] tfc. ^mii. ti^*<Dffi^^— 9-°<Dj; 

xji*<D^ef *3 ©{ftT^ai^ set ORi«6^i|iJji(*« 

tt. ¥ff¥m^«fig§55-^WTSLti/>«j^iAm^ 
[003 1] 



sc. 1 teicofiiB^ti. GaNjmim^mw<Dm 
(10-1 o}mm^mm tt^Anmmm<D±^ 
*?n> ^tttt^«J£coffllM<D^a5afei>l/^{i-^^|5^i:^i, '> 

^< :)(Dp-ng^^;S:#iyG a NJ^Mk^^i* 
S»«jSA^««?n, G a N?^gfl:tl4^«^««iiiJc 

10 A^lJOtil^n^Ct^SrltiatLTV^^o 

[0 0 3 2] $/c. il«S2ia«c7)SIWti, WS<«1E 

eo^i*^3tfs^tc«5i/^T, *(ifeis«{i. (good 

So 

[0 0 3 3] *fc, IS*a3ta«0^{i. »*ai!E 

«(r)¥»«:5l?^^tC*5V>T. miWIRli. (0 0 0 1) 
Cffi^iffiilfSG a N3SS{t:!|^i}WT'feSil 

[0 0 3 4] tfc, tt*JS4fe|g(r)fgB^f4. I«*ai71; 

20 mn^m 3 ov^f nA^-atcK«©^»ig)t^?(cfe 

G a N3^g{t:!f^^iia»#S±tJ:pmi*^A^fgfig*tl. ^ 
||<*^C0-g|5lc{±. ^ 1 (OmWSKOG a Nl^Sil:^^ 
#l<D«ffitcSiJ^S?LA^fl^^$n. CtD^^MLZf^ 

30 mtLTl^So 

[0 0 3 5] s/t. w*«5i2t«oigBm tmmm 
±gi!i:A<cffiT-m^nTi/>s c tmmt ltv^^„ 

[0 0 3 6] ^/t, W*a6te«Of8Bm W*«4tE 
[0 0 3 7] tfc. tt*«7E«c<0fgBm 11^^412 

40 

[0038] 

M'fl'i. S^l lcD±ffi±t, (10-1 0)mffi^iRiffi 

tt^^Vimmi 2AV sffil io±mtmmicnMt 

tlXtSO. ^C0ttt»c«)gl 2(DfiiJfficD^gB$,Sl/^ti-g|5 
ta, '>5:<i:felo©p-nM^«:#CyGaN?Sg{t 

«) !^^im^ifi( I n A I G a mmitm^^mm 
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i«jg)i3. 14, 15. leti^mttu c<ommm 

mi 3, 14, 15, 1 6lcWM^&.Xt^rcib<Dp 
m. nSiC^^fJSU/fcW^l 8, 1 7*^}gfig?nTl>«o 

^■LT. ccommis. incmm^mxtictic^ 

I n A 1 G a li^mitm^mimmmm is. i 

4. 15. 1 6<Dmftmmf)'^m:u miLtcmi. » 

[0 0 3 9] J:f}ftf*S*l{c. S«i ucti, -t^r-TT 
S«*m^Sn> +J-7rf'7»«l l±.Ui. nmCa 

1 2(Dmm(D—mi(.l O-l 0)mffiT$>'?, cod 
0-10)mffl±tC. nSA 1 GaN^75<y KBl 3. 
I nGaNjgftSl 4. pSAI G a Ni'^-y K» 1 

5, pmGaN^^^yfmi emmimtnx^^^o 

[0 0 4 0] ^-LT. pSG aN^^^'y^iil 6(DSffi 
O-gPlC. N i/'Au*^e,^^pffl!l«ffil 8*^}gfiE^n 
TV>S. Sfc. nSGaNOe««l3tl 2«. ^-lO-gP 

*^e.^Sni!)«Sl 7*^fl5fiE$nTV>-5o ^-LT. CO 
«gl7. 1 8{cm«-aA-rSCi:fCj:oT, I nG 
a Ng14M 1 4 m^LfcmtiSiiM 1 4 

»i^U SSl lcO±ffitc5^LSiS*^|plRj, R2tS!i 

(D±Si:^it;^(plt#)ggS^ii;&^L. »Kl l 0±H 

[0 0 4 1] 01. 02(Di|iW*:SI3fc*?tCt3l,> 
T. 7^ftat^«iil 2 a. HVPET-fi)c«U/cfi{C. 
(10-1 0)mmti^-V^^5l,C \^y-fx.-y^yyxm& 

[0 0 4 2] CO<i;d(c. Afttti^«jgl 2«. HVP 
ET'^Ufc^lcCl 0-1 0)mffi*<T'-l)J:a(cK^-i' 
i'y^>i'*T'JBfitr§Ct*<T'tSo fe-5l/H±. T^^a 
4^«jil2{i, VPE, MBE. MOCVDfmZ'B^ 
l&^Ltcmc. K^-rx-y^y^f^tjcOff^fig-rsct 

[0 0 4 3] tfc. T^^att^iiai zmmicmtn 

S p - ng^^#tf I n A 1 G a ^Jk^im^mimM 
«3tl3, 14, 15, 1 MOC VDT'fig^-rS 

Ctif^T^^o S^l/Hi. M1«igl 3, 14, 15, 
1 6{i. VPE. HVPE. MBEimr-m^B^m-^ 

[0 0 4 4] Sfc. ±M<DmXHi. WRl ItLX. it 

ff. 1 n A I G a Nl^gibl^S^i^fr. ->'J ny. M g A 
1 2O4. G a A s m<K>^^^t^ C i: feRl^T'fe 



[0 0 4 5] S 1 , 02O¥«^*^Bt^^T'a. ( 1 0 

- 1 o)mm^mmii-rmvmm 1 2 1 1 <d± 

ffitMiSlCfgfig^n. Ktttt«litl 2<Dffl!lfficD^*S 
1/ Hi-mc < i: fe-oo p - n g^«:-g-t? G a 

mmmmmmmmis. i4. 15. i6*<a 

Ji?n. GaN?^g{b!K!l^#i*i«MMigl 3. 14. 1 

5, I Glcmm^^Mr^CtlCiiO. Gati^mim 
10 ^f*a»«3ai3, 14, 15, l6(0mmi^X'^ 

(mxi£. atfcWjg^^LTv^^jgiMi 4)^^}su 

[0046] t/c, 01, 02 (D^mt^mtm^xHt. 
m^m&i zommx^^ci 0-1 o)msicGaN?^ 

mmmwmmmi3. 14. is, le^i^rasst 

^:;^^<m5ctA'!^<, m^wm^^i^mr^ 

^gT^^:j;5^et»3^0^gT=&msctA^■T't§o 

30 [ 0 0 4 7 ] 0 3 i>i^mBcm^i^mwm.m^(Dim 

m^mt^m. 04 as 3 (DA -A' ^StCfettSSfrB 

m 01, 02CD^j»»fejt^^K*3l/^T. S«(l 
DAKOOO i)Cffi^±ffii:-ri,+)-7rt'7i::&oT 

[0 0 4 8] ii>jmwmc. 03, 04o0imi. -9-7 

7-f7(0 0 0 l)tt«2 l±tc. n^GaN<DA^tt« 
«Hfi2 2*<«^;jnTI/^5o CCDtt*5«ji2 2cOfliJffiO 
-gPttd 0- 1 0)miaT'feO, C(D(10-I0)mffi 

40 ±{C. nSiA I GaN^7-y K«2 3, I n G a N)S14 
124, p§JA 1 GaN^7-y KH2 5. pSlGaN4^ 
Y 7"^ 2 6 Am^aS^tlTV^S, 
[0 0 4 9] ?P.tC. SS2 1±K. t/i. IMfflji2 
3, 2 4, 2 5, 2 60^HtC. t/c^ nS^GaNOtt 
4^C«ji2 2(D±g|5lC«. S i OzMZ 9 Ij'^imtnXl^ 
So ^UT. COSi02S2 9{i. p§iGaN4^+-y 
7»2 6<DSffiO-a5tnSG aNOatt«ji2 2(0± 
g|50-gPT'?L*We)n. CO?LJC<fc-DT. pSJGaN 
++-v7li2 6©«SDi:nSG aN2 2<Daffii:jb^Stti 

50 LTl/^So 
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[0050] ^LX. CO»mLfcpSGaN4^^>yr 
{±. T i /A 1 -h^^fi?) n§mM2 8imf&ttir\^^ 

[0 0 5 1] co«®2 7, 2 8tc«!^^aA-rs<:t 

li:<i;-3T> I nG aNigttg2 4A^|g%U fl^Lfc^t 

[0 0 5 2] ^afe, 03, E4<D¥«i*:l87m^tCfeV^ 
T, 2 2 H V P E T-fiKMLfefiKs ( 1 0 

[0 0 5 3] COi^fc, Aftett1i3i2 2ti, HVP 
ETmi^Ltcmcil 0-1 0)mffi*<-pSJ:3tcK7^* 

t^ajg2 2tts VPE, MBE. MOC VDjil?T'*gB^ 

[0 0 5 4] ^fc, 7^lia««3a2 ZcDlliJffiKWi^^a 
^ p - n gf^^^ty I n A 1 G a NlSMl:ft¥#^*«l 
^3g2 3, 2 4. 2 5. 2 6tiMOCVDT*figM-r?)C 
t*<7?tSo 8Wi«ji2 3. 2 4. 2 5. 2 

6«VPE. HVPE, MBEriHTlSB^B^S-rSCfc 

[0 0 5 5] 1213. mA(D^mW^mi-X'i<is Ell. 
E2cOi|i«{*^*?lCt3l,>T> a«2 1(1 \ )t>\ 
(0 0 0 1 )Cffi^±®i:-r5-9-77'f Tfc^oTfe!?. 
(0 0 0 DCffitd 0-1 OmSttiSitT-feSO 
T\ 01. ia2<Dit4»{*m^?0%StcAp^. -9-77 
-TJaffi^G a A s«0»«^<^-r.5^tcit'^T. 

ms:^m\cm&m\ o- 1 o)ms*>C)*sijs*#o 

imt^ctti^X't=h. sfc. m^Bmm\^t)'^cm 

ffii:SiI:&( 10-1 0)niffi*^?)^^ffliffi^J$O7Nlia 

K^-rx-y^y^T-ig-eo^estxDigT^ms 

[ 0 0 5 6 ] E 5 tt*fgB^fc^5 7 U'-Y^^O-fiSJ^^s 



[0 0 5 7] 05. 06, 07mB8-rSi:, CO^^I 
Wm:m=f\,t. 01, 0 2O^I»^^^?fC*5V^T. 
S«(l 1)*K0 0 0 l)Cffi^±Si:-r§GaN^g{t: 
m^^mi I n A 1 G a N?Sg{ttl#^SItt:)i:%oT</^ 

[0 0 5 8] i^Mttfi^lC. 057!;S07Ot»mi, » 
«tt©nSGaN(0 0 0 1)»E3 1±IC. S i Oa® 
3 9*^itai$nTV^§o CCDS i 02«3 9{C{i7L*^^ 
10 tt?,nT, nSGaNS^S laffiA^SaUTfef?. C 
OgHBLfcnSG aNStga l«ffiK. nSGaN(D7N 

fttt«^Jg3 2mjs.-^ux\.^^o 

[0059] C (Omm& 3 2 (OffllJffi(0-g|5tt (10- 
1 0)mffiT'fe»3^ cod 0-1 0)mffi±K, n^A 
1 GaN^7>y H^3 3. InGaNSea34, pS 
A 1 GaN^^-y Kli3 5, pSG a 'y T'ga 6 

[0060] ?-bT, pSGaN+-\'>yyS3 60Sffi 

{ca. N i /A uA^5>^§ pijmii3 7*^ffM^nTt/^ 
20 $efC, 05T'«, n§UG aNSS3 1±IC, 0 

6. mi (Dmm^mr^im{mm=?-mmm. 

t). C©^. n^GaNSfiS l(D«ffi{C«, Ti/ 
A 1 niM®3 Sib^J^fig^nTV^So CCT% 

[0 0 6 1] Sfc. pMGaN+-v>y7°)i3 6©affiK 

30 C ttCcfcoT. ffi«Oiti3»<*fiBtlg?cO I n G a Nffitt 
fl 3 4 *mL. ^Lfc^(ifi14« 3 4 rt^^igU. 
Sffi3 l©±ffilc3\fLSifc/?lRlR4lC)RW^n-5<}:-5{c 

[ 0 0 6 2 ] 0 5 r&m 7 <Di|i?il*;fg^«?(C*3V^T, 

m:mm htcti\ m 5 nrnm 7 o*»^*%7^^^T'{i. 

40 [0 0 6 3] {lU ±3i©«*iJcD<i;9£Sffi3 1 i:LT« 
«14aiS^<Sffl-r^ci:T\ WkZ lO«atc«1i^Jg 
^SCtAMfili:^:!?, 05©iaS7U-l'*^^% 

tjfoT. s«3 1 tLxmm.'&.(o%,<D^^mr^m^\c 

tt, *&i^tt<?)t0^igffl-rs«^li:Jt'^(»K3 1<D^ 
50 *'>%<-rSCi:A^T-t. (Sax hT-i|i#i*^«^^ 
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[0 0 6 4] trc. fsn&^mmszii. hvpet-be 

mLtcmcil 0-1 0)mffiA<T*5<};3tcK5't'x-yf- 
3 2ti. VPE, MBE. MOCVDiS^T'i^S^SL 

[0 0 6 5] $/c, AllStt^iiS 20ffl!lffi{caff^n 
S p- ng^^^tf I n A 1 G a N?Sg{tfe*«W*:«ll 
«)i3 3. 3 4, 3 5, 3 6«M0C VDT'fi5c^-r-S)i: 
i:*^-e$§o *.«VHi. aJi«Ji3 3, 3 4, 3 5. 3 

6«vPE, HVPE. uBEmrnxm^s^mt^ct 
c 0 0 6 6 ] 0 5 nmm ? <o^a«*^«?T'ti. »s 

3 1 (000 1) Cm^imtt^ G a Nl^Sf^ 

mt^trs-oX^O. W&3 HCGaNMt^^mW^ 

mt^ctx\ mm^trj:?,mmmm3 3, 34. 

3 5.36 tmiR3 1 tOtS^m »?S<^^II«II 
^^^m^^mcT^Ctif^X^. ms. 114 ©J; ate 

m 1 i:S«m3 2(DlS9^S!gfS^»3S#lg5Mtcj; 

■:>x. ^mmicmm-^n^mmmm3 3. 34, 3 

5.36 Oi^^tt t tbiC^±U 5 e. tC*?Ci*$1l^ 
feOtc-r S C t )b^t?# So 

[0 0 6 7] -r^t)-^. 03. m4<Dimi^^m'j'x 
(1 0- 1 o)mmi,cmM>i&&-r^(DX\ ssttois^^ 

(o^mnumm^xHi. S5){c, 8:^3 1 tttttiiits 

swells 3. 34. 35. 3 6<D*S^Bttt^P>lC|Rl± 

[0 0 6 8] E!5Jl)Mia7CO^i*f^m?T' 

»S3 1(D±SdA\ (0 0 0 l)CBi:^oT*5f?, 
(0 0 0 l)Cffii:(l 0-1 0)inSDi:tiSitT*S5O 
T\ •9-77'r7affi^GaAs^O»«^{^ffi-rS^ 

fcif^, (10-1 o)mmi)'^^jimm^i>-ofsn&^ 

t<Dxt^m:m^^^Bicimt^ci:f)^x^^o t 
Tc. it^^Bis.&^{^f)Kmx$>^rci6. c(Dm^i,imm. 

SKJ:oT, S«±ffilcMilft(l 0-1 0)mffi*^e,^: 



(:<D{m^SCa»M«)OfiJ^iiLT{i. K^-r 

X yi-y-ifmmmxfsnQ^mytmmTzcoiat 

[0 0 6 9] m8i,i^^micm^^mi^^m7-<Dm<D 
mx^^c 

[0 0 7 0] 08. mQ^pmt^t. co^mw^ 
'0 mm 4 1 ©^Etcm 1 (Dmnm(o i n a 1 g a 

4 9f3^m-snxm. commimA go-gpica, 

^ 1 (Dmmi(D I n A 1 G a N?Sg{ktl¥Ji#jl 5 0<D 

«ffiicsiM-rs?L*^m^n. 't(OK^mLxmi(Dm 

WSI<0 1 n A 1 G a N^^{ttl^|iSW*:S«ffi±{C^ 1 © 
I n A 1 G a Nl^g{t:!^i|i«W*<Da««jt4 2 

[0 0 7 1] iiiiT-. a««3i4 zoMii. mmwm4 

LTV>§o ^LT, C<Dli^^c«it4 2«. S«4 1 

ffiicfiitT-(i 0 - 1 o)mmmmtt^f^n^wti& 

<D«SO'>i5:< ttd 0 - 1 0)mfficD±gRfe§(,Hi- 
g|5fC«. I n A 1 G a NIS^^t:?^i|i«»(DaMS!jt 4 

3, 4 4. 4 5. 4 6*^a^$nT(/^5o 
[0 0 7 2] ^Tc^ WM^I^XT^fcibcDprn, nSiC 

mLfc«S4 7. 4 sA^ffM^nrfcf). i:£DmM4 

7, 4 8A^f>a«^iji4 3. 4 4, 4 5, 4 6tC«}jS* 

30 ^xt^ctiz^i;). mmmm4 3, 44, 45. 4 6 

[0 0 7 3] ^W-rnff. 08. 09(7)^1^#:^^^ 

ii.mis.4i ±ic. m 1 (D^i«i/^«-r-5 g a n?rs<i: 
5 omM-^n. tp>ic.mi (omnrn^^ 
t^Ga mmim^mm 5 0 i^cmmwm 4 9 m^^ 
fiSt$n> is^«»^4 9cD-gP(ca. m 1 commsKDG 
a NisMttt**<*i 5 oommicmmt^umMt 

n, C<0?L^jiLTlSl(D^«SOGaN^mi^¥» 
40 i*M5 0cDaffilca«1#3fi4 2*^JfM$nTfc'3. C<D 

m^. mmm4 2mmmiimimmmx^o. a 

«^ii4 2OS«{||c0)SffiO-gPA^ SimM4 90« 

[0 0 7 4] ^OmWmiC. 08. 09O^mi. (0 
0 0 l)Cffi^±SfrS-9-77'r7S«4 1±IC. n 
SOG aNS5 0*'««$n. ^©±{CS i02ji4 9 
A^lta^nrfct). CCDS i 02li4 9©— gPfc, nS/ 
GaN^5 0«ffifCfijar«7L*^ffM?tl. ^OTL^ii 
LTnSGaNS5 0Sffi±tCnSGaNtt*^fl|ji4 2 
50 A^JB^SnTV^So 
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COO 7 5] CCr\ a«^)i4 ZOMli. S i 02« 

m\(o^^<D-mi. s i 02ji4 9^s±$-ea*^tii 

LXmxf. S i 03S4 9<Da®{CgtTV^S, 
[0 0 7 6] C(0Qimm4 S1g4 l^StSit 

T'd 0 - 1 o)mm^§mtt^7^nQWMmx^&o. 

^•yK»4 3. InGaNgtt»4 4, pSAlGaN 

o c V Dicj;oTlii:^ica»^rnTi/^;5„ 

[0 0 7 7] -^-LT^ pSGaN+-\'>y7'»4 6©affi 
tCti. N i /A u*^?):^« pffiiJIKi4 Iti'^m^^tlX^^ 
5o Sfc, a«4 l±lcajl^n/cni/GaNJ15 0± 
OS i 02»4 9©-g|5lC«?L*?fBtte.nTnSG a N 
mSOtimtiiLX^K). C©a5^[>tCT i/A 
n{|ij«4 8*^Jgfig^nTi/''-5o C(D«ffi4 7. 4 8tC 
ttj^^ffiAf C^tCfcO. InGa NSffii 4 4 <D^ 

[0 0 7 8] 08. S90«fi)(;^J(Cfcl.>T. at^1i3fi4 
2tt. GaN«5 0±fi:S i 02^4 9^fi)cML/-dt 

S^k^X'yf^y^JCj:!?. S i 02ii4 9(cAIIJg<D7L 

^Pfflit. c:to?Lt<i;OMffiL/cG aN^5 0±{i:. 
ffiT'S^^fl^lC nSG a mm^elS.SLXmfS.t^ Ctff 
TtZo C(Dm(0]^9^(0mmi. (1 0-1 0)manT* 

Bsn/cAftttt^^o ccDAftSttSiS4 2«. cia 

KfRlLTfef), S«ffi(S«4 loaffi)i:fiiSlcfi)cft-r 

rma. s i 02*4 9(Di:c5T*<tfnfc«jtic* 

5o t^rt)-^. 7^fttti^«ii4 2 a. Si 02«4 9fC 

[0 0 7 9] t:OSW|filtCfigftL/5:7^^ltt««jg4 2<0 

S i 02^4 9±tttt*.tHLfcgl553Hi. MS4 1 tco^ 

46. Aftatt«3i4 2cOffliffiT-fe-S(l 0-1 0)mffi± 

icmtn^mmmtrj::hmmmm4 3, 44. 4 

5.4 6 taiS4 1 i:(Dlg^^ig[M^»3i^lSMfi:<fc 

[0 0 8 0] *yc, 08. m9<omm]X'ii. mmi 

trj::hmmm^4 3, 4 4. 4 5. 4 6<0S i 02)14 
^(00 0 l)Cffit¥mc^;50T\ 138. E190iti^ 



[0 0 8 1 ] ^fe\ ±)S<O0iJT'{i. i«g<^5i4 3. 4 
4. 4 5. 4 6*MOCVDT*^U tfc. »E4 1 
tUTti. -y-^r-fT^^fflLTl^SA^ »«4 1 fcL 
m ■9-77'r70*^t)Dtc. I nA 1 GaN^S{k^ 
iji^lf*:. (1 1 Di/'JaV. (1 1 l)MgAl204, 
(1 1 DGa AsHoaS^Srffiffl-rscttoItlT'fe 
So T^to-t, CttE|p]LTGaN?^{k^#^f*i^^a 

10 [0 0 8 2 ] t ^c. mmmt^ tswrnm^ 4 2 * 

#»ffiT')g^Si:L/cA% #ll}iO!!)^*5 0lC. HVP 
E. MBE, MOCVDailT'7^;^tt1^1iji4 2^^b1i 

tT\ /s^at^«jt4 20±g|5;|:CStc-rsct'EiBJte 
T'feSo 

[0 0 8 3] COJ:^{i:. 08. 0 9 O^Wi^f^T^*? 

T'fi, mmm 2o»gffia(D;sffio-gi5*^ ^tt#jg 

4 9«Stt«i!*imLTJ^fig:JtlT43?). C:Ott<^«ii4 

2<D^«#:M4 9±m^^l±iL/cg|5^)-{i. S«i:cD|S? 

^g^WlC<(,>OT\ tt«ffiji4 20^Bltt^|fi]±^ 
•arSCtsb^-ptSo cnfc<i;oT. a««jg4 2cOffliJffi 
TfeSCl 0-1 0)mffi±tCffiM?nS^nll|lct^.5 
«M^jg4 3. 4 4. 4 5. 4 at. aS4 1 tots? 

So 

[0 0 8 4] Sfc. S««ji4 2©^mi*^4 9±C« 

30 ■hm\.rzmi<mmm4 9«ffiicgbTv^sgi5»{i. 
pmM4 9gffioffm^swbTjgfiK$nT*3f). ^ 

«i*^4 9«B*«ffi4 1 <D±ffilcWT'¥aT'a&n 
a\ ai<c1ijg4 20jSffifeSffi4 lOiffitTOT'^ifl 
t^So C©<:t«, S««)i4 2<DffliMT'feS(l 0 
-1 0)mffi±ti:i«H?ns^3tSg«etS:S«S^Jg4 
3, 4 4, 4 5. 4 6cOSim^4 9«rocgLTl^S 

jS4 3. 4 4. 4 5. 4 6tCOV''Tt. SS4 10£® 

ffiffl-ar-rciSsrBfigftogPiT'ffM-r s c i:A^T'#so 

0$S$ !3 OfST^ffl];^. S c i: A^T* t So 
[0 0 8 5] tfc. 01 0«*fSB^lC<^S#ail<*ll^« 
?OfflO0IJ^.T^•r#4m 01 1«01O(DA-A' 
fcfelJSBr®0T*feSo 
50 [0 0 8 6] 0 1 0. 0 1 1 mBg-rSi:, CflD^j^llf* 
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vmma 4 2)(Dm^t±mKo o o n cmvm^tti 

[0 0 8 7] 010. 01 Ko^mm 

[0 0 8 8] COS i 02H5 9<D— gPlca, nSGa 

Nii6o«®cfflii-r.5?L*^ffM?n, ^(DK^mtx 

nMG a N«6 OSffi±ti:n§iG a Na««ig5 ZtiW 
[0 0 8 9] at>c1#Ji5 2(0'im. S i O2M5 9{C|f1 

iftbntcMm±X'$> D . 5 2 (ommKom 

mn-mi. S i 02«5 9«ffi±S-r-ii^*tiiLTa 
Zf. S i 02«5 9«ffilcStTV^5o 
[0 0 9 0] C(DfltVmm5 S«5 1 ^ffiKSit 

x\ mmtKi 0-1 o)ms, ±ffi(±gP)A^cffi, mm 
(s i 02«5 9affi±ii:}i*mLTgELTv>5a««3e 

[0 0 9 1 ] ^LT> tttt«jfi5 20ffliMlt«. nMA 
1 GaN^^-yK®5 3. InGaNffi14M5 4. 

A 1 G aN^'^-y F)i5 5, pSG a N^^-v-y^JlS 6 

[0 0 9 2] ^LT, a««ifi5 2<DfMffi©-ffi©pi!J 
GaN+-*"yy«5 eoasica. Ni/AuA^^SS 
pffllJIMS T^^ffM^nrV^So 'Srfc. C:cr)«ffi5 7« 
Xh7^':^«*^LTV>5o tfc. S«5 1±IC«S 
?nfcnSGaNg6 0±<DS i 02)15 90-gi5fCti 
?LA?jfllt6>nTnSG aNM6 O^^'fttBLTfeO^ CO 
gP^lCT i /A I *>5>S§nffliJ«S5 8*<»fiSc;jnTV^ 

So 

[0093] Ccom®5 7. 5 8tC«)Jit;&?iA-r?.Ci: 

{c<j:»), I nGamm5 A<Dmmmtimytu c 
o#&, cffi-r-}gfig5n/cAiitt*^«jg5 2«±ffi^js 

[OO94]01O. 011 <D«fi)c0IJKi3V^T, 
jt5 2{i, 08. m9<0mtmmiC^ GaNH6 0±li: 
S i 02«5 g^fiSMtftt^. 7*h'JV^*57^'-t 

i O2I5 9lC7Nft»(DfL^r^W. C<DfLtC<j;OSI±iL 

/-cGaN«6o±K, mmmx\ mimcnmcaN^ 
fi^^BttmvxBi&t^ c i:*^T-t §0 cm<Di&mk(o 
mmi. (1 0-1 o)maT'H^nfc7^Attfc4'i.o c 
oAfttti««jg5 2{i. cWiffirsjbTfco, asses 

fS.mr^tzib. &W^i&5 2CQTffi!l«, S i OzSS 9 

<Di:c5-t?<tfnfe#iiiJtaso -r**)-^. A^iai^« 

mSZii. Si 02«5 9lCgSLT«l75-(RltCfe«ft-r 

COS i 02S5 Qicmt^^n&mms 2<r>^ 



mt. -y-yr-rTSiss loiffi-rftfe^cooo DC 

®tWK&50T% Afta««jg5 2 0( 10-10) 
mffi±tcaiiSnS^18Ji5 3, 5 4, 5 5. 5 60 
S i O2S5 9tCg-rSg|5»t(0 0 0 DCffit^^^o 
[0 0 9 5] tfc. A^la:K«ig5 20±S^^O^^T 

ti. i^nmrnrnz 2(om^fS.m.<D^xfk^^mxs. 

jt5 3. 5 4. 5 5. 5 6*AftS^^ji5 2±Jc:eW 
fi-t, «ii«3g5 3, 5 4. 5 5, 5 60±ffiiiJOiiS 

±ffiteJ;a"jSffi*"5CffiO±tfigg(«^^ii5 3. 5 
4. 5 5, 5 6)*ffMT'tSo f*^-^, ««ggffi:Sr 
CffitC-r§Ci:A^T'tSo 

[0 0 9 6] c©j:atc, 010. 01 \ <r>^m^^ 

08, 09OiNI#:^|g^lct5V>T. a« 
WiJgffi^ l^-lf 0««S 5 ^- 1 LTitffl C t *^ 
20 -rSb— tf^SI^T'tSo 

[0 0 9 7] 0 1 2t,ii^mn\m^^wmm^(Dm 
<Dm^^<tmx&Zo 

[0 0 9 8] 0 1 2^mm-^t. c£o^i*f§3t*^ 
010. 01 1 o#3i<*iS7t*?ti:fet,^T. mmw 

91(5 9)*\ i9K*f55-i:LT«^*nTV^SCi:% 
[0 0 9 9] .fcDma^tC. 0 1 204^lg^?T' 

tt. (00 0 i)cffi^±ffifc-rs-9-7T-r7»!K6 1 

tc. n§UG aN7 OA^^MM^nrtSf). ^0±lCT i 0 

30 z/s i 02^)iJi*^?)^siig»tM6 9*^i«»^nTi/^ 

So 

[0 10 0] =tLXs C(DMEiMm& 90-g|5fai. n 
SG a Nil7 0«ffilCfM-rS?L*^ffM*n. ^£D?L* 
abTnSGaN«7 0«ffi±(CnSiG a Na««jt6 

2immnx\>^^o 

[0101] STOJge 20S{i. iSSWMO OtcF^tt 

isffio-gpa, ii5gtte6 9^ffi±s-p{i«naLTji 

40 [0 10 2] COtt«1t3S6 2ti, a«6 1 OiBtcS 
ilT\ iM*Kl 0-1 0)mffi, ±ffi(±g|5)*^Cffi. JS 
ffi(iSS*fg6 9SS±lCtt»mbTgfbTV^Sffi)*^C 
S t :^:-:> Tl/ ^S A^tt««jST'feSo 
[0 10 3] ^LT. tt««ja6 20®JffitC«. nSJA 
1 GaN^^<y Fii6 3. InGaNStt»6 4. pS 
A I GaN^^-y F^6 5. pSiG a N4^-v -y7°ll6 6 

[0 1 0 4] ^UT. Tx^SttMite 20iiao-ffiO 
piJGaN4^Vy:/M6 60«ffiCti, Ni/Au6^C) 
50 «:5p<ffl«8i6 7)b^^^nTV''So Sfe, CO«8i6 
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7{iXh7'l':?^*^**LTl/^«„ S«6 i±tc 

mmtntcnrnG a nmi o±(os i ozme go-gp 

(O^^ICT i /A 1 *^P,:&Sniim<S6 8A%M^nT 

[0105] ccofl^se?, 6 sicWj^^aA-r^ct 
mtmrns^tii^r. u—*f^mu mtm&e i<d 

[0 1 0 6] 0 1 2 0<||fiKji»JfCfct/>T, et»c«ja6 2 
lis 010. lai 1 i^PIItlC, GaN»7 0±lcSSW 

7o±iCs ^mmr\ mmc nmc anmn^Bi^imL 

(1 0-1 0)mffi-PHSnfeA^ltti:&«„ COAfttt 

fc46. ttttitjge 2cDT«iM. «st*ii6 9co^:c?.-e 
< thWc^iifc^^o t-StD-^. Aftet«c«iS6 2{4, 
ii5S*f» 6 9 icm LT8l73lRlte: fefiScftf C cOiSSW 
«6 9fCg^tS7^ftettjSJi6 2cDg|55^«. ■9-77l'7 
»tg6 10±ffi. f*t)^(0 00 l)CSi:WtS:« 

<ox\ AM^^mme 2cd(i o- i o)mffi±fc««$ 

nsaSWitea. 6 4. 6 5. 6 6cDS5*fS6 9lC 

[0 1 0 7] 01 2CDiii^^*|g^«^T«, 01 0. 0 
1 1 cD¥*l*fg7te«?{CfcV>T, P«l*M(5 9)A^i^S 

tfc. tie*, imnsmcmm^a-i-^yift 

Dn-rf >^*LTV^/c^O-^:\ mc»9'-;'7'^ 1 f-yT" 
hT-yytC^roTl/^fcjb^ 01 2 Wjitt^Bt^^T' 

CO 1 0 8] */-c, ^1 3»*5Pfltc«^5i|i«|^*^^t« 

?cD{fe(D0?IJ*^-r^T-^§o El 3^#B9-rSt, cKT) 
01 2«iNii*fiB^?ti:til>T. 

CO 1 0 9] ^^)MWmc. m 1 3coiiiji<*5Bt«?T' 
a. (00 0 l)CS^±Si:-rs-9-7r^'7»«7 l± 
fC, nS©G a N 8 Oi^^tl. ^©±»i:T i O2/ 



So 

[Olio] CcOKRtt^7 9CD-»C(i, nSG aN 
US 0a®lCfiJjt-rS?L*^fgfi)t^n. ^tOJLi&iiLTn 
SG a Ng 8 Ogffi±{C n SG a NSttlgji 7 2 

[0 111] tti^«)i7 2(DS«. ssw»7 Qicrm 
e. nrMWiLtvh D s 7 2 ©as 7 1 m(D 

)Sffi<D-gP«, iefiWS7 9Sffi±STHi*ttiLT]i 
t>\ BSW17 9*ffi{cgLTt/^So 

10 [Oil 2] e(Da4^«ii7 Zli. WS.7 1 CD±SlcS 
iST\ mmtiKl 0-1 0)mB. ±S(±a5)A^Cffi. /g 
aD(S5S*f«7 9gBB±JCfi*imLTg5LTt>Sffi)*<C 
ffii^ Tt/ ^S T^ft fttt^jtT'* So 
[0 1 1 3] ^LT. a«;W3t7 2(D«iJ®(C(i, nSA 
1 GaNi'7-y KS7 3. InGaN}ge®74. pS 
AI GaN^^^-y Kg7 5, pSG a N4^-vy7'g7 6 
*m{f MO C V DtCj;oT|lii^lC«S^ tlTV^So 
CO 1 1 4] ^-LT. Afttttt«ii7 2«DfiiJffi(7)-ffi(?3 
pi^G aN:^^^-yyg7 eOSESlca. Ni/Au*^?. 

20 ^Sp«iJ«<S7 7*'!ffM$nTl/^S„ C(Dmffi7 7fiX 

h^-ryj^tt^^UTv^So t/c. s«7 i±tca®^ 

n/cnSG a N^8 0±«DSlS*fg7 9<D-gPlC«?L*"« 
Fj^tte.nTn§yGaNS8 0*^SaiLT*30^ COgR^)- 
ICT i /A 1 *^^^S n««ffi7 8*%M$nTV>So 

a««|ji7 2<D±ffih«B<iig7 3. 7 4. 7 
5. 7 6(DWC{4. iSSWWS l*^ffM^nTV>So 
[0 1 1 5] 01 3<D¥»«:?g^*?T-f4. WMl 7. 

7 8fCtti)S^aA-rSi:tlCj;t), InGaNgtt)l7 

4 (Dmmmif'mt u c mr-mmtntcAn^iw^m 

30 7 2«±ffit)Sffit*^±tJg§§i::5:oTb— if58SU 
«S«7 IcoSffitSilOTjlRlRstcSSttb^ns. 
CO 1 1 6] 01 SOa^WtfeV^T, a««^7 2 
01 20«fi!cWi:IW!1itc. GaNli8 0±fCiSStt 
)i7 9^figML^d^. 7:j-h';v^>77i'-i:7'y^ 
x.y^-V>hfi:J;S{k^x-yf->^flcJ:i?^ igS*fg7 
9 lCt^Mi'(Dll^rms C07Ui: J; f)SI±lL/c:G a Nl 

8 0±li:. #«ffiT% ]l*?&^ti:nSGaN;&ifSBl,^gL 
TffM-rSdtA^T'tSo 

CO 1 1 7] C<Dt^(0^mk(mmi. (l O-l 0)m 
40 ffiT'ffltnfcAftttti&So <:(DAfta«3a7 2a. C 
IfiBBiBlLTfet). ««fi(S®7 lcOSE)tfiItlCfigft 

■rs*\ »fiSf:¥tTtcfeBgft-rs/-c*, tt««ji7 2 
So -r^t)-^. A^aiijS7 2a. iggw«7 Qicmt 

rm^i^iciiiS.&t%o <:<D?SSWj87 9tcS-rSAft 

t3-^(0 0 0 l)Cffii:TOc^:S(DT\ Afttt1«ja7 2 
©(10-1 0)mffi±lC«M$nsa««jS7 3. 7 
4. 7 5. 7 6<Oil5SI*»7 9±tC»-rSgP5>t,(0 0 
50 0 1)Cffii:&So 
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[0118101 so^mm^^xHi. mil. m 

[0 119] 

^^i^mftm'ficm^r. mm^mimmicn o- 

mmmx-mtLtcmi. ^^mmnmm^mi&Lx 
9^&ncMLm-^ti^<Dx\ miicmyicmmLrcmmmm 

^x. ^(Dmimmt^ctt^x^^o 
[0 12 0] tfc, %mmimm<D^mxit. invimm 

mmxh^il 0- l OmSlCC a N^Mt:!^¥«»i* 

o T. 9 tc|g7t«?<7)ttt6^::^t < «^ 3 c 

/c, tt4^«3i©ffi!lffiT'^5( 10-1 0)mffi{CG a NIS 

[0 1 2 1] t/c. mim2mm<Dm.mi^Jiim. w* 

« 1 ie«<D¥»»WI?lCfeV^T. (0 0 0 

1) C ® ±ffi t -r 5 -y- 7 r 7 T' ^ )5: o T fe D . 
(000 DCStd 0-1 0)mSfc«SiiT'$>i.O 

T\ smm I <D%mcj]aA. -^77-^7 a B-^G a a s 
m<Dmi^mmT^(Dicit^x. s«±ffitcsit*( 1 

0-1 0)mffiA^e,^;5iiJffi?ritoatt«jg:&S^fCf^ 

^K^micmAysmc^^tmr^ctoyx't?, 
mm^^nmamt^ctti^xt^o t/c. 
ft077iR]A^ctt:)?iR]T'S-5/c:J6, c(Dm^itmm.mc 

ioT. SSiStSitSd 0-1 0)mffi*^e)*Sffl!l 
[0 1 2 21 tfc. 8*^^«3fB«©^tcJ;n{f, it* 



(11) 1fP#Fl 0-32 1 9 1 0 

20 

a 1 iB«o4i»<*^«^tc43v^T, mmi. (000 

1 ) Cffi«:±ffifr« G a N3SMt:tl¥»(*:T-feS fc* 
oTfe(). »«KGaN?Sfb^i|i««:%ffiffl-r^ci: 

x\ mmmti'j::i,mmmtm.tm^&m, m 

[0 12 3] tt*a3ie«OieB^T'{i. »RcD 

(00 0 l)CSfc*oT*30, (OOOl)Cffi 

fc(i 0-1 o)mmtimmxh^(Dx\ -y-^r-fTa 
aB^d 0- 1 o)mmi)^p>fi^sm^^-ommm^ 

fc. i^^B^&i5\^ti'^cmx$>^rci6. ccDi^iiimm 

20 mc^-oX. »teStcSiS^(l 0-1 0)mffi*^C);& 
So S/fc, S«»cSW14(0GaNSfi^ffiffl-r«Ctt, 

[0 12 4] ffc. l»*3S4fe«<DfW(Cj:nti\ l»* 

m 1 7^s»*«3(Dt/>-rn*^-3StK«<D^»<*^« 

1 (ommKOG a Nisg{b%¥?i<*MSffi±ica« 
mmwm»mi,ci,i^tiiLxm!S.ttixt3>). c<d7^ 

(10-1 0)mffi±»<:ae*tl«5g)tfll«5i:5:S«B« 

[0 12 5] $fc. &i:kmm(ommim±.ici,i^iiiLrc 
^^(ommi^msm^c^Lxi^^^m^it. mmmmm 
<oim^s.mLxmm-^nxis>). mmmmmim& 

50 ±Si»cW7¥ffl-e»ntf. tt«Slifi06ffife»g±ffi 
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(12) 
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0- 1 o)mmntmtti^mm^trji^mm7B 

[01 2 6] $fc, l»*«5sE«0%H^lC<i:m\ IS* 

mAtm(r^^m^mM'f\zi5h^x. mmmt. issp 

[0 1 2 7] t/c. ll*)S6se«<Df8fi^{CJ:tlti\ 

=i-y-^y-ifLXi.>rc(DX\ m^<D^'yf^if-y'/t 

TVf{crj.':,X\>^rzt\ W^aeO^T'fi, iglt«?r 
T'^Si-rSMcO'i; xMy^D-trXT-ffM-rs c t A^T- 

[0 1 2 8] »st^iS7K«(DfeH^lcj:ntt\ 

^e.ic, mmtm^-^rix^^^<Dx\ ^^tctt 

[0 2] SI CO A- A' i^tcioitsiiMT'abs, 

mmx'h^o 

[04] 03OA-A' fCfcttSSffffl^T-^So 

[0 5 ] :^m^\cm:b^mw¥^^^m\'^^ 7\y^m 

[06] 05cD7W^?*«fig-rsm©¥aM*:^ 



[07]06(DA-A' i^tCtJttSBfffi0T-SSo 

[08] :^^Km^^mtif-mM=i^m\^7jktm 

[09] 08(DA-A' ^KfcW§8ffffi0T'fe5o 
[01 0] *^tC««^^*^^^©flfi(Dfl»J«r^-r 

[0ii]0io<DA-A' mcmf^m^mxh^o 

[012] *^t<:«g«iiiSSf*f8)KlRWti!«DM*^^ 
10 [01 3] *^B^lC^5i|i#<*^l7t^-?CDflfiO«aj^?>-r 
[014] fia^tO I n A 1 G a Nmt'^^t^^m^'^ 
[015] ij^*£Diffiffif85feSb— if-^^-^t-F©**^ 
[01 6] iit*OBB5i^t^-1f-:J<"l';i— KOSS^0-P 

[017] mk(Dmmiiy—^~sf^^-mmmx 

1 1 ^yr^rmm 

1 2. 2 2. 3 2, 4 2. 5 2, 6 2, 7 2 nSG 

1 3, 2 3, 3 3, 4 3. 5 3. 6 3, 7 3 nSA 

1 4,2 4,3 4.4 4.5 4,6 4.7 4 I nG 

1 5, 2 5, 3 5, 4 5. 5 5, 6 5, 7 5 pSA 

1 G aN^-^'y 

30 1 6. 2 6. 3 6. 4 6, 5 6, 6 6, 7 6 pMG 

1 7. 2 7, 3 7. 4 7. 5 7, 6 7, 7 7 N i/ 

1 8. 2 8, 38. 4 8, 5 8, 6 8. 7 8 T i/ 
A l*^e)&§nffl!|ll1i 

21. 41. 51. 61. 71 ^yy^TiOOO 

imm 

2 9, 3 9, 4 9. 5 9 S i OzM 

31 n§iGaN(000 

40 imm 

5 0. 6 0, 7 0. 8 0 nS^OGaNM 

6 9. 7 9 T i O2/S i Oz^ 

8 1 mim 



(13) 
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(15) 



0-3 2 1 9 1 0 
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